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Korry Electronics, Inc.
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Abstract

Laser enission has been generated in lsND: by pumping at 86G.4 en-l, Strong laser action has been observed
at 123 ca~l, 109 cn~! and, with up to 10 millfjoules extracted, at 678.1 ca”l, Spectroscopic analysis
indicates that the punping arises from, and the 628.1-cn~! emtgsion terminates on, the same rotational state.
Analysis of the time histories of the three laser emissicns as well as studies of laser output energies
indicates that 15.9-micron output arises from a 4{-wave type procuss. This rystem, in addition, clarifies the
interpretation of earlier studies of COy-laser-pumped ammonia lasers.

Introduction

Lasar 1{sotope separation of uranium hexafluoride led to the development of many neu laser systems.

Completely tunable sources at 15.9 pm all suffered from the linitation of low pulse pover. -lnler-punpdd
molecular lasers promised high pulse povers as wvell as high afficiency, but depended on “an accidental
coincidence of a CO, laser line and a molecular absorption connectod to a useful 15.9-uym traneition. 1In a

previous plperl we described an opticel pumping experiment that gavr an output which we tcntntlvoly described
as near-resonant parametric conversion.

Wa report {n this paper on the production of 15.9-ym emiseion from 130 =)aser-puapad lsNDJ. This eyetem
differs from previously reported CO -laocr-pygpad ammonia lamers in wvays unrelated to the absorption frequency
shifte due to isotopic lubltitution. laser opcrntcr on the P(27) 1line of the "hot band”
o1l1 » [0310. 11l0] at B860.42 ¢n -1, The 15. -um emission of 3 terminates on the sane rctational laevel
that the ! coz laser absorption arises from, making a population lnvcrlion unlikaly. In the process of
incressing the 15.9-pm convarsion wve made many observations and measuremente, vhich we report In this paper.

Experimental

The pump laser was a Lumonix 10) TEA laser with one Brewster asngle NaCl vwindow on the output side and an
ifnternal Littrov diffraction grating (PTR maeter, 90 lines/mm). The output coupler was a coatad Ge wmirror
with a 20-m internal radius and a refloctivity of 90X at the lasing wavelength. A closed-cycle circulation
system vas operated to force the laser mixture through a heated catalyst? chosen to accelerate the oxidation
of 1lco produced by the TFA discharge to minimize the steady-stats concentration of molecular sxygen. The
laser gas composition vas optimized at 700 torr to minimize leakage or entry of the 1lccal atmosphere
(atmospharic pressure 1in Los Alamos is approxioately 580 torr). The usual mixture was 10X l3c02, 102 Ny and
80X He. 13CO was added in amounts that did not influence leser performance (less than 10 torr) but fatied to
incceass the gas-fil]l 1ffetime. [he laser . tput was approximately 1 J at a repetjtion ra‘e of 0.1% Hx. A
wodification of the leO; laser vae the in-cavity f{nsertion? of a pulsed lowpreseure l:‘Coz gain cell to corce
the lasar to operate on a single longitudinal mode.

The first experiments were conducted with apparatuc shown tn Fig. 2 of Ref. l. The 5-cm bore stainlers-
stael cell was 1 m fn length. The cell ~ndes vere spherical, copper mirrors, each having a centered, 2-mm-diam
hole, one of which allowed the pump heaa entrance. This caell wvse used for spectroscopy of the deutero-ammnnia
laser enission, both {r and fir. For fir spectroscopy the output hole :'as sealed vith either a polyethylene
or z=cut quarts windov. Both 1ir and f{r spectroscopfc searches were performed with a 0.3-m monochromator with
11quid-N,-cooled photoconductive Hg-Cd-Te deteaction in the ir and room—temperature pyroslectric detection in
the fir. MNigher resolution measurements vere made near 13.9 pm with a l-m Bpex monochrosator.

Figure 1| {llustrates th‘ configuration of an uxperiment designed to incresse the 15.9-um energy conversion
efficiency. The multimode '“CO, output wvas conttrolled by an intarnal irie and the basm was propagated through
the centar of the ceall. Convarsion to 13.9 ym was wmeasured by dispersing the cell throughput wvith a
diffraction grating.

The lSND‘ vas analyzed using mass spectroacopy to be better than 93X pure. The call and gas-handling
system wvers prepared by repeated (illinge and pumping of Dzo to minimtze hydrogen-deuterfus exchange oa
windows and valls.
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Results and observations

Ablosptlon of the 13coz laser radiation in !3ND, varted from 1.3 x 1072 ca™! torr™! for small signale to
2 x 107 torr~! at° a fluence of 1.0 J/caf. ‘he pulse length was ~500 ne and shoved the structure of
paasive mode locking. The punplng frequancy corresponded to the sR(1’,K) band"“ and ir cmfssion was detacted
{amed{ately in £ hole-coupled! cavity at a prescura of 1 torr. The observed lack of sensitivity of the output
anargy to mirror tuning was characterfistic of a high-gain {1 laser such as COz-lllgr-ph-p.d.CP‘.

With a hole~coupled cell, the emisaion datected in the ir wase near 628.1 exml, IFNDJ presaure was varied
over a large range and Hz or He vas added to alter the conditions of collisional transfer. Addecl é..f! did
not changs the output spectrum but only lowered the output energy. At a pressure of 4 torr of pure
veak en{ssicn vas measured at 615 ca~l corresponding to the aP(12,X) transitions, but the intensity vas .lunyl
less than 1% of the 628.1-cm™) output. PFir signale were detectad at wavelengths of 123 cm™ ~1 and 109 ca~! wvith
relative intensities of approximately 10 to l. High-spaed measurement of the tructure nf the output of the
? A.l1-ca~! emisston or the combined fir output shoved the temporal structure characteristic of the mode-locked

€O, laser f{nput. Pigure 2 illustrates the simultaneous l:’COZ pump pulse and 628.1-ca~! output and shows the
17-ns periodficity.

To check for waveguide effects, a 1.2-cm bore polished b:ass tube ! m in length wvas 1inserted into the
S-cm bore etainless-steel tube. Under otherwise unchanged conditions, no ir output wvas observed. Smoothing
of the 1 Coz laser lad to a smooth 628.l-cn-l output. In the windowed cell configuration (Pig. 1), cell
dimensions were varied over a wide range. Lengths of copper cells varied betwveen 0.5 and 6.0 m. The largast
ir output of nearly 10 ) vas obtained with the 6.0-m cell, which had a 10-ca bore. With shorter cells, the
substitution oi pyrex for copper lovered the 628.1=ca™! output by approxfuately 10Z. The output was very
sensitive to the focal position of the pump beam. For greateat efficiency, the pump beam diverged throughout
the length of the cell. The divergence angle wes aleo fmportant, but a careful study of the angle dependence
vas nol uttempted. The output frequencies ware all polarized parallel to the pumnp lasar polarization and, in
the case of the windowed cell, the 15.9-pm output propagated nearly entirely in the direction of the pump
laser. A large nuaber of 13.9-ym spectra were taken in this configuration, an example of which 1{s given (in
Fig. ). The experimental configuration was that of Fig. |, with KC] wvindove and a pressure of 2,5 torr 15NDJ.
An alterstion of pressuras, cell length, or focusing configuration changed the detailed shape of the spectral
output. Changing the pressure to 3.5 torr, fcr example, shifted the peak of the sutput spectrum to coincidae
vith K = 4.

Changing vindow maturial alloved a test of tne effact of feedback on 628.i-cm~! output. Figure &
illustrates the raesults of thees expeariments. l.isted in parenthesas are the reflectances due to the
Restrahlen effect on the 123-ca”~! and the 109<a™! fir emtasicis. The €O nump energy wvas normalized to
account for the Fresnel 1loss in antering the cell. While expariments arying the 628.1-ca™! feedback in
grating configurations were inconclusive, single-pass extraction appeared to control the output level.

Replacing lsNDJ with thD; and tuning thr 130, lisar accordingly lad to two naw ll'!f lines: The 11P3) and
11P12 lines produced ir eaission at 64] ca™' and 619 c-'l, in the same pattern as the NDy output.

Discusstion

The calculated wpectrm® of 13p hll :ho *3C0, laser canter frequency fall'ng betwaen the aR(11, 62 and
sR(11,3) lines ct 860.41 em~! and 860.4 . rolpaczlvnly. Doppler broadening .'n room-temperature 3np
leads to absorptfon by lines from lR(ll 1) throupgh eR{11,6), without considering -ower broadening or lhc
spectral width of the pump laser. TFigure ), fllustrating the output spectrum and comparing the calculated
oP(11,K) aspectrum, indicates a ofmilar range of K values in the output. The fine structure could not be
resolved in our fir spectra.

Without conatdering fine structure we characterize the observed processes as a closed cycle. Absorption of
the pump radfation by tha sR(11,K) band leads to near-rescnant Raman stimulated emission at 12} !,
Population {s transferred to symmetric v, = |, J = 11 (8(1,1i)], vith sowe population remajning in a(l,12).
The l(l.‘l) 1e inverted with respect to a(l,10), leading to stimclated emfssion at 109 ca™ The oninllon at
628.]1 cm” ' corresponds to the energy difference between a(1,10) and 8(0,11), an alloved ir trnn-ttlon.

Pigure 3 1o a aimplified engrgy level diagram with the relevant states in the conversion of the 060.4-cm~!
pump fnput (o the 628.]-ca™ output. All the observid wavelengths [including the weak aP(12,K) emission at
613 c-'l. not shown] are radfativaly coupled; {.e., all tranaitions are alloved and no radiation vas obiarved
vhich could arise only from colligional tranafer. Purthear evidence againse. the tnvolvement of collisional
processes comesfiom our observation that tha structure fn the ir and 628.2-cu"} pulees mirrors the mode-locked
pattern §n the pump pulee. In addition, peak conversfon in this laser occurred at low pressures (< & torr)
and addition of a buffer gas always reduced conversion.

rmission at 678.1 ca~! cannot be easily characterfzad by a process requiring population inversfon. We have
observed all the lasing wavelengtha shown {n Fig. 9 lluullnnooully with tue hol: .oupled cell. In addition,
we have seen no evidence of transparency or gain i{n the laser beam which passna through the i*nn‘ cell.
Ve therefora have the {nequality s(0,11) » &(1,11) n(} 10) referring to the populetion In thoss levels
(tgnoring fine structure and dc.onnrlrlol) By thie fnequality it {s {mposaible to have the population
fnversion a(1,10) > a(0,11), vhich would Jead to stimulated esmfssion at 62A.1 ce~! A properly phas-' asst of
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short pulses as seen in Fig. 2 would allovw all these 1nyeruionl, but when the ‘3coz laser eafssicn wae
smoothed with an internal gain cell,? the 628.1-cm” signal vas also smooth and wvas generated at the sage
conversion efficiency as the mode-locked cave.

Parametric conversion of the puap and the twvo simultenecus stimulated fir smissinn processes seem t2 be the
likely source of 628.1-cm™" emission. Resonances increase the efficiencies of A-vave processes. Analysis o
triply resonant mixing has baen performed® where two of the three frequancies are nearly the esame. Tha
authors point out that resonant absorption has several complica-ing effects on convarsion. They state thut
it broadens the phu.g matching peak, reduces the effective length of interaction and makes the deduction f
the dispersion of Y’...less straightforvard.”™ The fine structure in 5 sakes the spectrum complex and the
time-dependent populations change the phase-natching condftfons. These corplicating factors have made it
difficult to underetand the interaction of the adjustable exp:rimenzal paraneters.

Conclusion

Observation of simultsneous collisfonless emission in the ir and fir occurring in an optically purped,
b-vave cycle suggests thi. the 62R.1-ca™' esiesion is parametric rather than the result of a population
inversion. Further analysis of this system or similar systems seens necessary to understand this mechanism of
shifting a pump laser radiation to longar wavelengths.
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Figura 1. Schematic drawing of the 15ND) ianer Figure 2. Signala frow a pyroelectric detector
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Figure 5. ginpllflcd diagram of the coupled

NDy levels.
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